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Abstract
In many African countries, the shortage of water resources is a common phenomenon.
Providing safe and adequate water is an issue that must be considered by community leaders
and municipal authorities. The present project investigated the performance of a small drinking
water treatment system in a small community at Enyan Abaasa, Central Region, Ghana,
through sampling and laboratory testing. The treatment system, which is fed by a deep well,
consists sequentially of polypropylene (PP) yarn pre-filter, sand filter, layered activated
carbon-softener resin filter, PP yarn micron filter, reverse osmosis (RO) membrane, PP yarn
final filter and two ultraviolet (UV) disinfection units. The research also explored possible
additional water sources for the growing community where the drinking water production plant
is located. Monitoring of the water quality showed that the softener resin, micron filter, and
UV disinfection units occasionally malfunctioned and resulted in microbial contamination of
the water and should be replaced or repaired. In order to meet the Ghana Standards Authority
guidelines, the pH also needs to be adjusted by using a neutralization filter. Rainwater and
wastewater recycled from the drinking water treatment system could be source water for the
treatment plant. The thesis proposes improvements and suggestions for adequate water supply
for this particular community and its residents.

Keywords
Drinking water treatment, water supply system, rainwater, borehole, groundwater, small
community, West Africa.
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Summary for Lay Audience
In Ghana and many other African countries, water shortage is a widespread phenomenon.
Moreover, the local water supply system is not planned and managed by the government. This
phenomenon can result in situations where the quality of domestic water and drinking water
available to residents is not able to meet national standards. Therefore, the commercial
production of safe drinking water that can meet the local standards is a worthwhile economic
enterprise.
The drinking water treatment system installed in this project is located in a small community
at Enyan Abaasa in the Central Region of Ghana. The community includes residential facilities
for teachers and students at a nearby Secondary technical School. The water treatment system
is designed to improve groundwater quality by analyzing the treatment capacity of each
component of the treatment system. At the same time, in order to make full use of the
groundwater and reduce water waste, it is necessary to utilize the wastewater produced by the
drinking water production system. As the community is still expanding, it is essential to
provide more water resources to this community. In general, combining various test results and
site conditions provide suggestions for the future development of this small community
(including water treatment and supply).
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Chapter 1 Introduction
1.1 Background

Access to potable drinking water has been a major challenge for the people of the Abatech
community for a very long time. Residents of the community have had to walk for long miles
to gain access to water for drinking and other household chores and activities. Sometimes, this
water is of poor quality and can pose serious health risks to the community's residents. In 2012,
in Rio de Janeiro, the world agreed to adopt the Sustainable Development Goals (SDG) as a
guide to address the urgent environmental, economic and political challenges facing our planet.
SDG goal 6 seeks to address the challenges of the world with respect to water and sanitation.
Access to clean water is a necessity for every human on earth. For this reason, it is imperative
for more actions to be taken through technology and research to address this challenge.
The purpose of the project was to evaluate the performance of a drinking water treatment
system installed in a small community near Abaasa Secondary Technical School (Abatech),
Enyan Abaasa, Central Region of Ghana, created to provide residential facilities for students,
teachers and others. The project is a private development undertaken to provide housing and
safe water for the residents. The residences consist of apartments for teachers and other
workers and dormitories for students. Water is provided by groundwater from boreholes (80
m deep) drilled at the site.
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1.2 Study Site

1.2.1 Location

The Abatech community is located in Enyan Abaasa between latitudes 5°21´46´´ N and
longitudes 0°56´37´´ W. Enyan Abaasa is a town in the Ajumako-Enyan-Essiam (AEE) district
in the Central Region of Ghana, West Africa. Enyan Abaasa serves as the paramountcy in the
Enyan district. The population of the town and the surrounding area is 24,000 people and is
primarily supported by an agrarian economy (Mercy Flights, 2020). Ghana is a country located
in West Africa on the south Atlantic Ocean and has a total area of 238,540 km2 (Earthwise,
2020). The Central Region is one of sixteen administrative regions located in the south-west
of Ghana and is the second smallest region in Ghana.

Figure 1.1 Political map of Ghana (Regions)2020 ("GHstudents | Ghana Students
Online Portal", 2020)
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The Enyan Abaasa town is located in the Ajumako-Enyan- Essiam (AEE) district, as shown in
Figure 2. AEE land area is 541.3 km2. In this area, secondary forests are intertwined with
transplants, and semi-deciduous trees are the main vegetation in deep forests, including
economic species such as mahogany. However, the area's forests are now degrading into
grasslands due to deforestation of most vegetation by traditional farming methods and the lack
of a systematic reforestation plan. This degradation has also caused a change in soil texture
(Ministry of Food & Agriculture, 2020).

Figure 1.2: Location of the study site, Enyan Abaasa, Central Region, Ghana (Yeboah
et al., 2016).
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1.2.2 Climate

The climate of Enyan Abaasa is the humid semi-equatorial type. The maximum, minimum,
and average temperature changes from 2009 to the present are shown in Figure 1.3. It can be
seen from the figure that the average annual temperature of Enyan Abaasa ranges between 24
ºC and 30 ºC. The highest temperature of each year is as high as 32 ºC and occurs in April. The
lowest annual temperature of about 23 ºC occurs in August every year (World Weather Online,
2020).

Figure 1.3: Monthly maximum, minimum and average temperature change from 2009
to now (World Weather Online, 2020).
Rainfall is the only natural phenomenon of precipitation in Ghana because of the country’s
proximity to the equator. The figure below shows that there are two rainfall peaks every year
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in the study area, occurring from May to June and September to October. The maximum total
monthly rainfall is usually 140-180 mm, but the maximum rainfall reached 388.2 mm in June
2019. The annual rainfall survey in Ghana in 2019 found that a series of floods occurred in
Accra and other areas from March to June and mid-October. Meanwhile, Enyan Abaasa is
closer to the Accra area; it will be affected by flooding. As shown in the above figure, heavy
rainfall occurred in June and September 2019. However, between December and February,
the driest period, there was less rainfall (World Weather Online, 2020). According to the Ghana
Statistical Service's report of the past 30 years' annual rainfall in the Central Region, the
average annual rainfall is 1252 mm (Ghana Statistical Service, 2015).

Figure 1.4: Total monthly rainfall (mm) from 2009 to 2020 (World Weather Online,
2020).
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According to Water.org, a global non-profit organization, surveys show that more than 5
million people (about 18% of Ghana's population) still use surface water, including lakes and
rivers, as a source of daily water. This surface water is an untreated source of water and is the
main route of transmission of water-related diseases such as malaria. At the same time,
collecting rainwater and water from wells is also a way to meet daily water use. Unfortunately,
in some parts of Ghana, the tap water service (treated water) is only accessible to the middle
class (Water.org, 2020).

1.2.3 Hydrogeology

Usually, hydrogeological departments or technicians are required to investigate the
hydrogeology information of the site where the borehole is to be drilled. The hydrogeological
information for the site was derived from the hydrogeological report of the Abaasa Peyase
community (latitudes 5°21´77´´N, and longitudes 0°56´85´´ W), which is close to the Abatech
dormitory (latitudes 5°21´46´´N, and longitudes 0°56´37´´ W). This report was completed by
the District Assembly with the help of the Central Region Community Water and Sanitation
Agency on 1st December 2009. The complete report is placed at the end of the thesis as
Appendix A.
Geologically, the area is underlain by the Lower Birimian metasediments (Kesse, 1980). The
permeability of these rocks is low, and there are weakening lines of erosion and weathering in
some parts of the broken sediments, thus giving the second and third levels of porosity. A
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geophysical survey consisting of resistivity profiling and vertical electrical sounding (VES)
using ABEM TERRAMETER SAS 1000 revealed that the area is covered by three layers of
structures that have experienced varying degrees of weathering/fractures that control the
occurrence and accumulation of groundwater in the study area. The medium apparent
resistivity value (mean of 16943 Ohm-m) of the bedrock indicates the presence of highly
conductive materials that provide groundwater. The high apparent resistivity values (average
of 24547 Ohm-m)) of bedrock at certain locations suggest the presence of low groundwater
levels. Therefore, the groundwater potential of the site may be characterized as low to medium.
Based on the above information and other records, the drilling company went to the study site
and completed the drilling work on 23rd January 2011. The gravelly debris generated during
drilling also confirmed the presence of fractured rock. The figure below shows the distribution
of the stratigraphy of the first 70 m depth (AB-Serkoms Limited, 2009).
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Figure 1.5: The first 70 meters of stratigraphic distribution
1.2.4 Water Consumption in the Site

As previously mentioned, the Abatech community is mainly used as dormitories for students
and apartments for teachers and their families near Enyan Abaasa Secondary Technical School
(Abatech). In order to address the daily water needs of the people living in the community,
including water for laundry, cooking, toilets and other sanitation facilities, boreholes (80 m
deep) have been drilled at the site. Installing pumps in the borehole to turn it into wells provide
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water for the residents' daily water use as well as the production of approved, commercial
bagged or sachet water.
According to WHO research, the average daily drinking water need of an adult person is 1.4
liters. To meet the most basic human health needs, the average person needs 20 liters of water
per day. However, in order to meet normal health and domestic requirements, an average
quantity of approximately 50 liters of water per person per day is consumed (Howard and
Bartram, 2003). Table 1.1 shows that the average person in Africa uses 47 liters of water per
day. With the progress of development in Ghana, citizens' daily water consumption will also
increase (UNFPA, 2002).

Table 1.1: Household Water Daily Use (UNFPA, 2002)
Region
Africa
Asia
Canada
the United Kingdom
the United States

Household Water Daily Use (L/cap/day)
47
95
329
334
578

According to the Government of Ghana’s National Community Water and Sanitation Program
(NCWSP), each small well in a small community can provide daily water for up to 300 people.
Simultaneously, the water supply should be guaranteed for at least 20 liters per day
(Community Water and Sanitation Agency, 2014). In order to provide local students and
teachers with proper living and sanitary conditions, the water supply system in this community
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needs to provide at least 50 liters of domestic water per day for everyone. Therefore, in the
water supply system's subsequent upgrade process, 50 liters per person per day is used as the
standard.

1.3 Objective of the Thesis

The main objective of the thesis was to evaluate the performance of a water supply system
designed to provide water for the daily use of a community in Enyan Abaasa, in the Central
Region of Ghana, and for the production of commercial bagged and bottled water for sale. The
project is a private development undertaken using local technical expertise and appropriate
technology based on sound engineering and construction practices and principles. All aspects
of the construction and installations followed guidelines laid down by the regional and district
engineers’ offices, which also inspected completed works. The construction and installation of
the drinking water treatment plant was also inspected and approved by the Ghana Food and
Drug Board.
The research's main purpose was to provide a more practical community design plan for the
African region where water resources are more abundant through a comprehensive evaluation
of this community, making full use of water resources. On this basis, the following specific
objectives were drawn:
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1. According to Ghana’s regulations, a well can only provide domestic water for 300 residents.
There is only one well at the site, but 364 residents and a drinking water production plant.
Therefore, it is necessary to select a backup water source at the site or nearby.
2. On the premise of not changing the water quality, based on the selected backup water
source and the problematic water pipeline at the site, an improved pipeline design plan is
proposed, which can make the water pressure at the water outlet sufficient.
3. Since the drinking water treatment system is newly installed and has not been debugged,
each filtration part's effluent quality is monitored. Each speciess's removal rate is calculated
to determine whether there is a problem in the treatment part and it is necessary. And if so,
suggest an improvement for the filtration part that has obvious problems.
4. Although the produced drinking water will not stay in the factory for more than 3 days,
there is no guarantee how long it will be stored at the retailer’s facilitybefore the product
is sold. Therefore, it is necessary to test the drinking water quality during storage in plastic
bags to ensure that the water quality can still meet drinking standards for a period.
5. If one wants to apply this community as a model to other similar communities, one must
put forward overall improvements to the community's operation.

1.4 Research Questions

The following questions were addressed in the research:
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What is the difference in the quality of the two possible sources of drinking water at the site:
groundwater and rainwater?
As the community's development continues and the population increases, can the water supply
be sustained by groundwater alone, or they must be supplemented with treated rainwater?
Using rainwater as source water may be more economical than drilling additional boreholes,
even if one factors in the extra treatment that may be necessary in using rainwater.
The drinking water treatment system at the site is based on a number of multiple barriers
including filters, a reverse osmosis (RO) membrane and an ultra-violet (UV) unit. The RO
membrane is an indispensable component of the system to ensure that regulatory water quality
guidelines are met. Therefore, an important research question was to propose operational
recommendations to enhance the efficiency and longevity of the RO membrane.
The produced water is sold in bags or sachets (polyethylene) that could break down over time
or when exposed to warmer temperature (from sunlight) or allow the growth of biofilms. What
is the impact of storage on the quality of bagged water and bottled water?

1.5 Thesis Outline

This thesis is written in monograph format following the guidelines and regulations set by the
Graduate School of Western Ontario University. Each chapter of the paper is introduced as
follows.
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Chapter 1 introduces the geographical location of the project, the local climate conditions,
hydrogeological information, and the daily water consumption of each person stipulated by
WHO and Ghana. The purpose of the project and the questions that need to be researched in
the literature review.
Chapter 2 reviews the relevant literature and outlines the water sources that can be used in
Africa and the possible pollutants in them. The four drinking water standards are compared,
and the parameters that may be considered water quality are obtained. An overview of the main
processing steps and challenges in a small water treatment system. An overview of the plastics
that are widely used for drinking water and their possible hazards.
Chapter 3 introduces the specific parameters of each component in the small water treatment
system. Summarise the sampling method and the test method of the parameters.
Chapter 4 analyses experimental data, including water source quality analysis, water treatment
system processing efficiency analysis, and storage impact analysis on drinking water quality.
Meanwhile, put forward suggestions for improvement on the water supply system in this small
community.
Chapter 5 summarises all the conclusions and improvements in this research. At the same time,
the limitations of this research and suggestions for future research are also put forward.
The appendix provides supplementary information, which is cited throughout the paper.
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Chapter 2 Literature Review
2.1 Water Resource

2.1.1 Introduction

Ghana's water resources are abundant and there is plenty of rainfall, although the amount of
water resources varies seasonally. Ghana's surface water resources include three river systems:
the Volta, Southwest and coastal rivers, and one of the world's largest artificial lakes, Lake
Volta, as a reservoir. In addition, groundwater resources below the Volta Basin are also
abundant and are replenished by seasonal rainfall. As a result, Ghana has approximately 53
billion cubic meters of renewable water each year (Delegation of German Industry and
Commerce in Ghana, 2018). The renewable water mentioned here is the water resource
produced by the hydrological cycle. The long-term average annual flow of surface and
groundwater can be used to calculate the amount of renewable water.

2.1.2 Reason for the Choice of Groundwater

The Abatech site is relatively far from the sources of surface water in the town, and no springs
or wells are present. Therefore, it was necessary to drill a borehole to access groundwater for
water supply. Pristine groundwater is usually the safest and most reliable source of natural
water because it provides sufficient safe water even during periods of drought (Swartz, 2000).
Groundwater exists in fractures and spaces in soil and rocks (Momba et al., 2008).
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Groundwater flows through soil, sand, and rock pores and is therefore naturally filtered and
usually of good quality.

2.1.3 Pollution of Groundwater

Groundwater will have less solid matter than surface water, such as algae, frogs, leaves, etc.
However, there are still some pollution in groundwater resources. According to previous
research, firstly, the groundwater in many parts of Ghana is high in iron, which is mainly due
to the geochemical weathering of bedrock. Secondly, the pH (3.5-6.0) of water in the forest
areas of southern Ghana is low, which is caused by changes in local hydrogeological conditions.
Other sources of pollution include partial pollution caused by human and animal activities, the
use of artificial fertilizers in farming, and heavy metal pollution caused by the existence of
mineral sources around water bodies (Earthwise, 2020).
Compared with wells and springs, which are groundwater resources, drilling is less likely to
be affected by surface rainwater runoff. For example, some groundwaters could be slightly
salty. This type of water cannot be consumed directly. Some groundwater could also have high
content of fluoride or nitrate. Secondly, some groundwater could also be corrosive or easily
form scaling (Swartz, 2000).
When groundwater is filtered through rock or soil layers, some rocks and minerals will be
dissolved. This process could increase the hardness of the water, due to an increase in the
amount of dissolved divalent cations, such as calcium and magnesium (Truman et al., 1997).
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In addition to chemical pollutants, the microbial content of groundwater also needs to be
considered. Because of the presence of microorganisms in water and the warm temperatures
in Subsaharan Africa, bacterial infection tends to be a major cause of human disease. Therefore,
disinfecting groundwater is a necessary and essential step in water treatment (Momba et al.,
2008).

2.1.4 Selection of Alternate Source of Rainwater

In the 21st century, water shortage is one of the major problems facing many countries in the
world. Due to the lack of rivers and underground aquifers for water abstraction in some parts
of the world, almost a quarter of the world’s population (approximately 1.6 billion people) face
water shortages. Water shortage is a natural phenomenon because the distribution of freshwater
on the earth is uneven. For example, sub-Saharan African countries in arid or semi-arid regions
face the greatest water stress. Based on the current human growth rate and human water
demand, it is expected that by 2025, two-thirds of the world's population will experience water
shortages. By 2030, nearly half of the population is expected to live under conditions of severe
water shortage. (Un.org., 2020). In order to solve the problem of water shortage, the concept
of rainwater harvesting (RWH) has been proposed. Rainwater collection is the use of rainwater
accumulation and deposition to replace runoff (Mokhtar et al., 2016).
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2.1.5 Pollution of Rainwater

Rainwater will be affected in more ways than groundwater. The rain is generally acidic,
probably due to the excessive burning of bushes resulting in a large amount of CO2 in the
atmosphere. It may also be related to vehicle emissions of large amounts of SO2, NO2, smoke,
dust, soot and other particulate matter into the atmosphere. When the above substances dissolve
in rainwater they reduce the pH of rainwater (Cobbina et al, 2013).
Another source of rainwater pollution comes from the way rainwater is collected and stored.
Normal rainwater is collected from metal roofing. During the collection process, heavy metals,
such as zinc and lead, present in the roofing material could dissolve in the rainwater. At the
same time, roof dust, organic matter, leaves, bird, and animal feces can also contaminate
rainwater. The cleanliness of the rainwater storage tank could also affect the quality of
rainwater. The content of pathogens (for example, E. coli) and other microorganisms in the
rainwater will also increase with storage time (WHO, 2020).

2.2 Water Quality Standards

2.2.1 Standards from Different Jurisdictions

Drinking water standards from different jurisdictions and organizations are shown in Appendix
B. The table compares the drinking water guidelines from Ghana, Ontario (Canada), European
Union (EU) and World Health Organization (WHO) for the same selected parameters. The
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selected parameters are required in three or more jurisdictions. By comparing four drinking
water standards, it is possible to compare parameters that are common to the four regions to
indicate the quality of drinking water.

2.2.2 Factors Affecting Quality of Groundwater

The factors that impact groundwater quality include natural background conditions,
agricultural activities, mining activities, industrial waste disposal, and other activities. These
factors can lead to the following:
1.

The dissolution of calcium, magnesium, and dipotassium ions in the groundwater leading
to high concentrations that can make the water harder. High hardness water can affect
human health (Ansa- Asare et al., 2009).

2.

High nitrate content in groundwater. The nitrate content in the water will increase when
rainwater infiltrate into the ground, due to the local geological structure Water with high
nitrate content (greater than 10 mg / L) may produce infant methemoglobinemia or "blue
baby syndrome" after drinking (Baird et al., 2017).

3.

Pollutants that dissolve in groundwater produced by pesticides and fertilizers used in
farming activities include nitrates, ammonium salts and pesticides.

4.

The presence of mining activities in the surroundings will increase the concentrations of
heavy metals and cyanide in groundwater. Drinking directly can have a great impact on a
person's physical health (Ansa- Asare et al, 2009).
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5.

Groundwater may be contaminated with microorganisms, including E. coli. When
drinking water containing these microorganisms is consumed, gastro-intestinal diseases
may result.

6.

Finally, the precipitation of Sb during the storage of drinking water in plastic bottles may
also affect the quality of drinking water.

In determining the indicators that need to be tested, the table (Appendix B) of the four main
standards should be combined with the possible pollutants in the source water and previous
publications on water source testing in Ghana. Ansa-Asare, Darko, and Asante (2009),
measured pH, conductivity, alkalinity, hardness, Ca2+, Cl-, NO3-N, NO2-N, SO42-, SiO2, PO4- P, NH3-N in groundwater (Ansa- Asare et al., 2009). Another article focused on the detection
of microbial indicators in drinking water. Obiri-Danso et al. (2003) tested the following
indicators: total survival of heterotrophic bacteria (TVC), coliforms, fecal coliforms, total
enterococci, and Lead (Pb), Manganese (Mn), and Iron (Fe). Many people also use zinc, copper,
and other metal elements as important detection parameters. However, after comparing four
different standards, it was found that not all of the above parameters exist in the Ghana drinking
water guidelines. When this happens, adopting WHO standards is the best option for many
researchers. Determining which elements to test specifically depends on the laboratory and the
environment surrounding the water source.
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2.3 Water Treatment

2.3.1 Treatment System Used in Small Community

Individual water quality issue can be resolved in a single treatment step and the various steps
may be combined into a water treatment system. The key factors that can determine the
combination of technologies used in water treatment systems are the quality of the water source
and the nature of the pollutant removal (National Research Council. 1997). As previously
indicated, the source water at the study site was groundwater from boreholes drilled to more
than 60 m deep to intersect fractured bedrock.
Compared to surface water, groundwater has better quality because it contains fewer large
particles of impurities, colloids, and microorganisms (National Research Council. 1997).
Therefore, the water treatment system for this project could be based on a small drinking water
treatment system.

2.3.2 RO Membrane Descriptions and Challenges

The reverse osmosis (RO) membrane technology is widely used in desalination, community
water supply in specific areas, and beverage production because the operation of RO membrane
technology is simple and the energy cost can be competitive the commonly used reverse
osmosis system is mainly composed of the following four processes: pre-treatment, pumping,
salt separation, and post-treatment. The pre-treatment process is to slow down the loss of
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membrane life. The function of RO membrane treatment technology is mainly to separate
dissolved ions in water. However, the water that has not been pretreated may contain
contaminants that cannot be processed by the membrane and cause the membrane to be blocked,
such as colloidal suspensions, mud, sand, and other suspended solids. After pre-treatment, the
following two steps are pressurization and separation which are required for the water to pass
through the membrane. Post-treatment then follows where the treated water pH is adjusted
from acidic to neutral to improve taste.
One point that needs special attention when using RO membranes is membrane fouling. The
main substances that contribute to membrane fouling include inorganics (minerals), organics
and microorganisms (bacteria, viruses, etc.) (Zondervan and Roffel, 2007). The work of Eunmi Gwon et al. (2003) indicate that NF (nano-filtration) and RO membrane systems can treat
groundwater without any chemical cleaning during the first 110-120 days of operation.
However, after this period of operation, the flux of the membrane decreased rapidly, and the
RO membrane showed a more serious flux decline. The two membranes (NF and RO) were
then backwashed, and it was found that organic matter was closer to the membrane than
inorganic matter. Inorganically combined Ca and organically combined Si were found to be
the main foulants, and the main cause of irreversible fouling of the membrane was Fe contained
in the water (Gwon, Yu et al., 2003). It can be seen that the pre-treatment step is indispensable
before the water source passes through the RO membrane treatment, and it is also necessary to
backwash the RO membrane after the RO membrane is used for a period of time.
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2.4 Water Storage in Plastics

2.4.1 Introduction

The 2018 edition of Beverage Marketing’s the Global Bottled Water Market shows that the
total global bottled consumption was estimated to have reached 99,555.6 million gallons in
2017. Compared with the total consumption of 72,894.5 million gallons in 2013, it increased
by 6.4%. Until recently, the total consumption of bottled water has ranked first in global total
beverage sales and has maintained a continuous growth trend. Drinking bottled water has also
become part of daily life for many people (Rodwan, Jr., 2018).
Research by Hansen (2014) showed that 42% of local tap water samples in Tamale, Ghana,
could not guarantee the WHO drinking water guideline for residual free chlorine. This is
probably why many people consider bottled water to be much cleaner and safer than tap water,
In Ghana, the middle and upper class people rely on bottled water to meet their daily drinking
water needs. Thus, the production of bottled and bagged drinking water is a major industry in
Ghana. At the same time, there are also huge challenges in the use of plastic bags and bottles
for the storage of water.

2.4.2 Commonly Used Plastics

Bottled water which is often seen on the market is usually packaged in plastic bottles. The
body of the plastic bottle is made of high-density polyethylene (HDPE), polyethylene
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terephthalate (PET), and polycarbonate (PC). Bottle caps are made of high-density
polyethylene (HDPE) and low-density polyethylene (LDPE). The septum in the cap is usually
made of polystyrene (PS) (World Packaging Organisation, 2008). Guart and Bono-Blay et al.
(2011) measured the concentrations of endocrine disrupting compounds (EDCs) in HDPE,
PET and PC and observed that HDPE and PET are the plastics with lower EDCs.

Figure 2.1: Examples of packaged bottled water in Ghana (Dzido, 2019).
For many developing countries, including Ghana, residents living in many large cities cannot
access fresh tap water. Most of the tap water they obtain is stored. Since bagged water can
solve the drinking water problem reasonably well, its production is a relatively unique industry,
especially in Africa (University of Miami, 2013).
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Figure. 2.2 A typical package of bagged water (University of Miami, 2013).
Compared to bottled water, bagged water is cheaper and more convenient, so most people in
Ghana prefer buying bagged water for drinking. On average, Ghanaian residents buy and drink
1-2 bags of water every day. This kind of water-packed plastic is usually high-density
polyethylene (HDPE), which is called type 2 plastic. It is relatively easy to be recycled into
other plastics, so it is quite popular in the packaging industry (Prochazka, 2019).

2.4.3 Impact of Storage on Water Quality

In Paul Westerhoff and Panjai Prapaipong’s research, antimony (Sb) content was tested for
LDPE bottled water from Germany and PET water from Germany. It was concluded that the
Sb content in water in PET bottles made in Germany increased from 2.2 ±1.2 ng L-1Sb to
50±17 ng L-1Sb (n=2) after 37 days of storage and increased to 566 ng L-1 after 6 months of
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storage at room temperature. At the same time, the paper also derived the power function model
of the release rate of antimony (Sb) as follows:
𝑆𝑏(𝑡) = 𝑆𝑏! × [𝑇𝑖𝑚𝑒(ℎ)]"

(1)

𝑘 = 8.7 × 10#$ × [𝑇𝑒𝑚𝑝𝑒𝑟𝑎𝑡𝑢𝑟𝑒(℃)]%.''

(2)

where Sb0 is the initial antimony concentration. According to the Appendix B, it can be seen
that although the final Sb content in water is lower than the WHO, US Environmental
Protection Agency, Canadian Department of Health, and Ontario Ministry of Environment and
German Federal Ministry of the Environment limits, it will increase continuously as storage
time increases. This suggests that Sb will leach from PET bottles (Shotyk et al, 2006). Sb is
used as a catalyst in the process of synthesizing plastic water bottles and can leach from plastic
bottles and contaminate drinking water in the future storage process (Westerhoff et al., 2008)
Previous research suggests that bottled water can be contaminated by pathogens (Warburton
et al., 1994). Experiments conducted in the United Arab Emirates in 1998 also confirmed this
conclusion. Other research concluded that 10% to 75% of bottled water was contaminated by
various bacteria, such as E. coli, Pseudomonas, and Salmonella (Nsanze et al, 1999).
Duranceau et al. (2012) conducted a study on changes in the number of heterotrophic bacteria
plates (HPC) during storage of one gallon of water in high-density polyethylene containers in
refrigerators, indoor cabinets, covered porches, and car trunks at temperatures ranging from 2
℃ to 49 ℃ . After 16 weeks of storage, the number of heterotrophic bacteria plates (HPC) in
each bucket was tested separately. It was found that the HPC content of samples stored in
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indoor cabinets and refrigerators was low, not exceeding 400 cfu / mL and 100 cfu / mL,
respectively. For samples stored on the porch and in the trunk of the car, the HPC content was
as high as 4 *103 cfu / mL (Duranceau et al., 2012）.
The work of Duranceau et al. (2012) also showed that Sb was leached from plastic products
due to long-term storage, but at the same time the concentration of microbial pollutants could
also change due to different storage conditions. In 1998, research was conducted in the United
Arab Emirates on the quality of microorganisms in commercial bottled water from different
sources (Nsanze et al., 1999). The results showed that 75% of 20-liter bottled water contained
10 different bacteria, while only 10-40% of water in 1.5-liter bottled water was contaminated
with 2-4 types of microorganisms. The researchers further studied the growth rate of microbial
contaminants and found that the growth rate of microorganisms in 20-L bottled water was
higher than that present in 1.5-L bottled water. Finally, the storage temperature conditions of
bottled water in the UAE research were also studied. Bottled water was stored at a temperature
of 4-45 °C. The results showed that when stored indoor at temperatures between 25 ° C and
37 ° C, contaminants in bottled water were more likely to multiply. When the samples were
refrigerated (4 ° C to 25 ° C, or high temperature (37 ° C to 42 ° C)), the original microbial
content was either reduced or maintained for at least 3 days (Nsanze et al., 1999).
High-density polyethylene (HDPE) is currently one of the most widely used industrial
polymers in the world. According to a 2010 research, the global production capacity exceeded
41 million metrics. Original HDPE is a colorless, odorless, granular solid and has almost no
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reaction with the environment. High-density polyethylene (HDPE) is a non-toxic and harmless
material before it is polymerized into plastic. It is a safe material when it comes into contact
with humans and animals and is therefore unlikely to have any adverse effects under long-term
exposure (Reliance Industries Limited, 2020). When HDPE is polymerized into plastic, it is
considered to be a low-hazard and high-safety recycled Plastic # 2. Studies have shown that its
leaching risk is extremely low, and there is almost no chemical transmission with food and
beverages contained in it. In addition, it will not break down under conditions of direct sunlight
or extreme temperatures (heating or freezing), and it is also wear-resistant (The Berkey, 2020).
Although HDPE is one of the safest plastics, plasticizers and additives are required when
processing HDPE for certain applications. Therefore, Guart et al. conducted further research
on whether plasticizers and additives in plastic bottles (such as Bisphenol A (BPA) and
Nonylphenol (NP)) would diffuse from the plastic itself to water during storage. Their
experiments were conducted on migration tests for several of the most common plastics
(including high-density polyethylene (HDPE), polyethylene terephthalate (PET), and
polycarbonate (PC)) on the market. Draw the following conclusions through SM
chromatography test: PET plastic has the lowest migration, followed by HDPE and PC plastic
bottles. The migration of NP in HDPE plastic bottles was 0.579 µg dm-% . The migration of
BPA was not found in PET and HDPE plastic bottles. The migration amount of BPA in PC
plastic bottles was 3.423 µg dm-% and NP was0.694 µg dm-% (Guart et al, 2011). LoyoRosales et al. (2004) also found that when HDPE plastic bottles are filled with water, the NP
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content of the water increased to 0.230 µg dm-% after being placed at 40 ° C for 120 h. These
results suggest that the quality of the water in the plastic package would change after storage
for a longer period of time. Therefore, the water quality of the stored water needs to be tested
at least for the most basic parameters (such as pH) and microbiology. In addition, the impact
of plastics on water quality after long-term storage must be investigated. Thus, parameters that
need to be monitored must include total coliforms, Sb, and Nonylphenol (NP).

2.5 Research Gap

According to the above literature reviews, it can be seen that there are still some research gaps,
which also provided research inquiries and investigative opportunities for the current project.
The greatest challenge is to allocate water for production and domestic supply adequately and
minimize the waste of water resources. Since separate and different water sources provided the
domestic water and production water in the previous project, the drinking water production
plant's wastewater would not be used in the domestic water for residents. After completing this
challenge, the community can serve as a model case later. The second point is the analysis of
changes in drinking water quality with storage time. The analysis of other articles mainly
focuses on the plastic bottles’ impact on drinking water in the bottle. In the regions south of
the Sahara, sachet water is more practical. The research on changes in sachet water quality
only focuses on chemical characteristics. Therefore, this thesis will focus more on the plastic
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sachet's impact on drinking water quality and identify it from both chemical and biological
aspects.

30

Chapter 3 Materials and Methodology
3.1 Materials

The drilling depth of the main borehole at the study site is 80 m, so a submersible pump is
needed to pump the water into two 4500 gallons (17 m3) polyethylene or poly tanks. The
submersible pump used in the field is shown below (Fig. 3.1).

Figure 3.1: 4SDNM3/12 submersible pump (DOYIN TECHNOLOGY, 2020).

This submersible pump, Model 4SDNM3/12, is produced by DOYIN TECHNOLOGY CO.
Product specifications from the manufacturer are presented in Table 3.1 (DOYIN
TECHNOLOGY CO., 2020).
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Table 3.1: Characteristic of Submersible Pump (DOYIN TECHNOLOGY, 2020)
Type
Maximum fluid temperature
Maximum sand content
Minimum well diameter
Volume Flow (Q)
Maximum Head (H)
Rotational speed (n)
Power
Motor power

4SDNM3/12
35ºC
0.25%
4²
3m3/h
81m
2850r/min
1HP
0.75KW

The purpose of pumping the groundwater into the poly tank is to ensure stable water supply
and hence pressure goes through the drinking water treatment system. The schematics of the
drinking water treatment system is shown in Figure 3.2.

Figure 3.2: Drinking water treatment system used in the present study.
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In the drinking water treatment process, the filter element in the pre-filtration, micron filtration,
and final filtration is the PP Yarn filter made by PPC Machinery Co. Ltd. The filter in the prefiltration is a 10 inch (250 mm) 5 micron PP Yarn filter. The eight filters in the micron filtration
unit are 20 inch (500 mm) 0.5 micron PP Yarn filter. The three filters in the final filtration unit
are 10 inch (250 mm) 0.5 micron PP Yarn filter.
The PP Yarn filter is made of polypropylene rope wrapped around a polypropylene core.
Polypropylene filter has a wide range of chemical compatibility, microbiological barrier, and
heat resistance. Because of its low cost and stable characteristic, it has become the most popular
filter. It has excellent adsorption function for sand, silt, rust, and suspended solids in water.
The maximum allowable flow rate is 20 L/min, the lowest feed water temperature is 2 ° C, the
highest feed water temperature is 65 ° C, and the service life is 12,000 L of water treatment,
approximately 3-6 months. The average processing efficiency is 90% (Aland Advance Water
Technology (AWCP), 2020).

Figure 3.3: PP yarn filter (Aland Advance Water Technology (AWCP), 2020).
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The distribution of filters used in the sand filtration is shown in Figure 3.4 below. All of the
filter material is waste sand and stone obtained from the borehole. The use of local sand and
gravel as the filter is to reactivate the groundwater that has been inactivated in the poly tank.

Figure 3.4: Sand filtration
The distribution of the filtered material in the activated carbon filtration is shown in the figure
below (Fig. 3.5). The lowest layer is ordinary sand, the same as the top layer of the sand filter,
the second layer is activated carbon, and the uppermost layer is softener resin. The whole
process of the drinking water treatment system is provided by PPC Machinery Co. Ltd.
Therefore, the following parameters are derived from the manufacturer's official website. The
characteristic data of activated carbon and softener resin are shown below (Table 3.2)

34

Table 3.2: Characteristics of Activated Carbon (Hongyu Activated Carbon Factory,
2020)
Product name

Coconut shell activated carbon

Particle size

0.4-3 mm

Adsorption rate

≥450 mg/g

Water content

≤3%

Ash content

≤8-12%

Removal efficiency

≥80-95%

Specific surface area

590-1500 m2/g

Table 3.3: Characteristic of Softener Resin (Purolite®, 2020)
Polymer Structure:

Macroporous polystyrene crosslinked with divinylbenzene

Product:

Purolite® A100Plus

Moisture Retention

53 - 62 % (Cl- form) Temperature Limit

100 °C (Cl- form)

Particle Size Range

300 - 1200 µm

1%

Functional Group

< 300 µm (max.)

Tertiary Amine

The sand filter and AC filter are backwashed before daily use. First, open the backwash valve
on the sand filter and backwash for 3-5 minutes. Then close the sand filter's backwash valve
and open the AC filter’s backwash valve backwashing for 3-5 minutes. After backwashing,
make sure that the two filters' backwashing valves are closed and rinse the two filters. The
quality of the effluent water after the RO membrane is tested during rinsing. When the TDS is
lower than 20mg/L, the normal production of drinking water starts.
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Figure3.5: Activated carbon filtration
The next step in the drinking water treatment system is the RO membrane which is the CPA5LD type RO membrane
produced by Hydranautics, an American company. This membrane uses low flow technology
(Hydranautics, 2010). Its specific parameters are shown in Table 3.4.
According to the supplier's information, RO membranes need to be backwashed every 3
months. The steps of backwashing are as follows:
1. Use 100% liquid HCl acid and water to compound 100 gallons of 0.5% HCl acid, use 70%
solid citric acid and water to compound 100 gallons of 2% citric acid, and use 99% solid
NaOH and water to compound 100 gallons of 0.3% NaOH as a backwashing agent.
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2. Use 0.5% HCl solution to circulate in the RO membrane element for 30-40 minutes to
remove the solution.
3. Use 2% citric acid solution to circulate in the RO membrane element for 30-40 minutes to
remove the solution.
4. Use 0.3% NaOH solution to circulate in the RO membrane element for 30-40 minutes to
remove the solution.
5. Rinse the RO membrane with supply water for at least 30 minutes and measure the pH of
the outlet water. When the pH value stabilizes, the rinse is stopped, and the backwash is
completed.
Table 3.4: Characteristic of RO Membrane (Hydranautics, 2010)
Type:
Configuration:
Permeate Flow:
Membrane
Active Area:
Maximum
Operating
Temperature

CPA5-LD
Low Fouling
Wound
41.6 m3/d
37.1 m2
45 °C

Salt Rejection:
Spiral Membrane Polymer:

99.6 % minimum
Composite
Polyamide
Maximum Feed Flow 17.0 m3 /h
Maximum Applied 4.16 MPa
Pressure:
pH
Range, 2-11
Continuous
(Cleaning)
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Figure 3.6: CPA4-LD RO membrane (Hydranautics, 2010).

Figure 3.7: CPA4-LD RO membrane design drawing (Hydranautics, 2010).
It can be seen from the above design drawings that there are two UV light water sterilizers in
this water treatment system. One of them is near the outlet of bottled water and barreled or
tank water, and another one is installed on the bagged water packaging machine. The daily
production is mainly bagged water, so only the UV water sterilizer installed on the packaging
machine is turned on. It is important to ensure that drinking water passes the shortest distance
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from the sterilizer to production. The first UV water sterilizer will be turned on when it is
necessary to produce bottled or barreled water for special events. The performance parameters
of these ultraviolet sterilizers are as follows:

Figure 3.8: UV sterilizer (EKO-TRADING CO., LIMITED, 2020).

Table 3.5: Characteristics of UV Sterilizer (EKO-TRADING CO., LIMITED, 2020.)
UV lamp power:

25 W

Input voltage:

110V/240V(50/60Hz)

UV lamp quantity:

1

Water treatment capability:

1.4 m3/h

Lamp failure alarm:

Optional

Lamp life:

8000h

There are three pumps in the system, the parameters of the pumps are as follows:
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Table 3.6: Characteristics of Pump (SHIMGE®, 2020)
Model

Power

Max. Flow Max. Head

Rotational speed (n)

Pump 1

BW4-4

0.75KW

4m3/h

31m

2800 r/min

Pump 2

BL4-16

3KW

4m3/h

129 m

2900 r/min

Pump 3

BW2-4

0.55KW

2m3/h

29 m

2800 r/min

Figure 3.9: (a) BW pump, (b)BL pump (SHIMGE®, 2020)
3.2 Methodology

3.2.1 Methodology of Sampling

The bottles used for sampling were ordinary 1.5 L plastic bottles that used to contain
commercial bottled water or “pure water”. The preparation is to prepare a clean and opaque
sampling bottle. To clean the polyethylene sampling bottle, firstly use 5% HNO3 to pre-clean
bottles, then use deionized water to rinse three times. The 3M Heavy Duct Tape is used as the
light-proof material and wrapped around the cleaned bottles to render them opaque and
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minimize the impact of sunlight on the quality of the water in the bottles. Ice cubes and ice
chest are prepared and made ready for short-term storage after sampling and during shipping
of the samples to the laboratory for analysis.

Figure 3.11: Heavy duct tape
Gloves were worn during sampling. The source water was used to rinse the cleaned sampling
bottle three times. Following that, actual sampling began and samples were taken at each
designated point, as shown in the schematic drawing (Fig. 3.2). Each sampling required 3 L of
water and each bottle was filled to only 95% capacity. Finally, the samples bottles were tightly
capped and stored in the ice chest. The temperature in the ice chest was maintained below 8℃
at all times by regular monitoring and addition of ice. The Ghana Standards Authority requires
that if total suspended solids (TSS) cannot be tested within 4 h after sampling, the samples be
stored in a dark condition below 8℃(Ghana Standards Authority, 2017). The journey time from
the field to the laboratory took three hours, so the samples kept in the ice chest.
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When designing the sampling schedule, the specific sampling arrangement should be
determined according to the use of the water treatment system at the site. According to the
description of the workers on-site, the RO membrane was cleaned every three months.
Therefore, it was estimated that the water treatment system would operate for a total of 12
weeks every three months. According to the sample size calculation formula by Slovin (1960),
the minimum sample size, n, would:
)

𝑛 = *+), !

(3)

Where n is the sample size, N is the population size, e is the margin of error. The total working
week N is 12, and the margin of error is 10%
Therefore,
*%

𝑛 = *+*%×!.*! = 10.71 ≈ 11

(4)

The sampling schedule was designed to start every week from March 20, 2020. However, due
to the Covid-19 lockdown in Ghana, the first set of samples was stored in the laboratory for
almost 4 weeks, so the experimental results of the raw and purified or treated water in the first
sample set could be used as a reference. Technically, it should be 11 sampling events used, as
shown in the above calculation However, due to limitations and difficulties of the laboratory
work efficiency and funding, the decision was to use 10 sampling events to represent the 91%
accuracy of the expected sampling events. As a result, the sampling arrangement was changed
from April 28th, 2020 to June 30th, 2020 to sample every week.
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3.2.2 Methodology of Tests

All analysis methodologies were carried out in the laboratories of the Ghana Standards
Authority, Accra.
Table 3.7: Methodology of Each Parameter (Ghana Standards Authority, 2017).
Parameters

Methodology

pH

ISO 10523 (Glass electrode method)

Total Suspended Solids (TSS)

Photometric Method 8006

Total Dissolved Solids (TDS)

Gravimetric

Total Hardness

ASTM D 1126-12 (EDTA titration)

Chloride

ASTM D512 – 12 (Silver Nitrate
Titration)

Calcium Hardness

ISO7980

(Atomic

absorption

spectrometric method)
Manganese

ISO

6333:1986

(Formaldoxime

spectrometric method)
Antimony

ISO

17378:2014

(Method

using

hydride generation atomic fluorescence
spectrometry (HG-AFS)
Total Coliforms

ISO 9308-1:2014 (Membrane filtration
method for waters with low bacterial
background flora)
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Chapter 4 Results and Discussion
4.1 Preliminary Experiment

One of the purposes of the experimental part of this thesis is to evaluate the efficiency of the
drinking water treatment system. Therefore, the first step was to conduct a comprehensive
analysis of the raw groundwater before any experiments were conducted on the treatment
system itself. The results of the analysis of the raw groundwater are compared to Ghana’s
drinking water quality standards in Table 4.1 below.
Table 4.1: Raw Water Quality and Ghana’s Standard (GSA, 2017)

pH
Chloride (mg/L)
TSS (mg/L)
TDS (mg/L)
Manganese (mg/L)
Iron (mg/L)
Antimony (mg/L)
Pesticide Residues (mg/L)
Total Coliform (cfu/100mL)

Raw Water
5.70
99.00
0.00
206.00
0.0272
0.0489
Not detected
Not detected
Not detected

Ghana’s Standard
6.5-8.5
250
0
500
0.4
0.3
0.005
Not detected

The pesticide residues tested include Aldrin, Lindane, DDT, Methoxychlor, and many others.
From the above comparison, it can be seen that the quality of the raw groundwater is very good,
and most of the parameters are within the scope of the standard requirements. Among the
above-mentioned parameters, only the pH value does not reach the drinking water standard
(6.5-8.5). In order to safeguard the quality of drinking water and protect public health, it is still

44

necessary to treat the water for the parameters that, though meet the standard, but have high
values, namely chloride, TSS, and TDS. At the same time, treatment system includes softening
resins for reducing the hardness of the raw water and ultraviolet germicidal lamps for removing
microorganisms in the water. Therefore, it was determined that the subsequent experimental
work would focus on monitoring pH, chlorides, TSS, TDS, total hardness, calcium hardness,
and total coliform during water treatment. Therefore, water samples were collected at points 1,
2, 3, 4, 5, 7, and 8 (Figure 3.2) for the measurement of the above parameters during treatment.

4.2 Backup Water Source Selection

For small communities that use standpipe of a piped scheme, the Community Water and
Sanitation Agency Guidelines and Standards issued the following basic guidelines in 2010. In
order to ensure that everyone has no less than 20 liters of water to use every day, each borehole
can provide domestic water services for a maximum of 300 persons (CWSA, 2010). So far,
there are 300 students and 16 teachers and their families living in this community, a total of
364 persons. At the same time, this borehole also needs to provide water for the drinking water
production company, and the community is expanding. Therefore, finding another additional
water source is urgent. According to the geographic location of this community, there are two
options to find another borehole or use rainwater. In Ghana, June and July are the rainy seasons,
so the rainwater test began from May 26th, and the interval between each test is two weeks.
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Rainwater samples are from resident rainwater collecting tanks. The following table is obtained
by comparing the quality of rainwater and groundwater
Table 4.4: Comparison of Water Quality Between Rainwater and Groundwater.
26-May
pH
Chlorides
(mg/L)
TSS
(mg/L)
TDS
(mg/L)
Total
Hardness
(mg/L)
Nitrite
(mg/L)
Iron
(mg/L)
Sulphate
(mg/L)

9-Jun

23-Jun

Rainwater

Groundwater

Rainwater

Groundwater

Rainwater

Groundwater

6.65
4

5.99
97

6.4
4

5.84
96

6.5
5.7

5.7
95.4

2

0

0

0

0

0

8

208

7.8

202.9

13.7

199.2

5

18

2

14

4

19

0.009

0.007

0.007

0.0355

0.1318

0.0157

0

0

0

The water quality of the rainwater is better than the groundwater. The content of Chlorides,
TDS, and total hardness in the rainwater is much lower than these in the groundwater. The pH
value of rainwater is closer to neutral than groundwater. Although the rainwater contains iron
and nitrite, the concentration is lower than the Ghana standard (iron lower than 0.3mg/L, nitrite
lower than 3mg/L). In conclusion, local rainwater can be used as daily water. An unavoidable
problem with rainwater as the water source is that Ghana can only collect enough rainwater
for use during the rainy season in May, June, September, and October. Therefore, using
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rainwater as a source of domestic water cannot provide a stable and sustainable amount of
water.
In the process of producing drinking water, when raw water passes through the RO membrane,
a part of the pure water will flow into the tank, and wastewater with disappointing water quality
will flow out of the pipe. Although wastewater cannot be used for drink, it could be used in
daily life such as flushing toilets, bathing, and washing clothes. The picture below represents
the flow of pure water and wastewater during the water treatment.

Figure 4.7: There are flow meters for the pure water outlet pipe and the wastewater
outlet pipe, when the water treatment system is in use. (a) Pure water meters, (b)
Wastewater pure meters.
Based on the actual production efficiency of the treatment system, the following values can be
obtained. The factory runs 6 days in one week, 8 hours pre-day, and can produce 100 bags of
drinking water per hour. Each pack of drinking water includes 30sachets with 500ml pure water.
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As shown in the above pictures, the pure water flow is 4.5GMP, and the wastewater flow is
10GMP. Thus, it can be concluded that the amount of wastewater produced every day is about
2.23 times the pure water. The volume of wastewater in one week can be calculated by Using
the above values.
𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑤𝑎𝑠𝑡𝑒𝑤𝑎𝑡𝑒𝑟 𝑝𝑟𝑒𝑑𝑎𝑦 = 0.5𝐿 × 30𝑠𝑎𝑐ℎ𝑒𝑡𝑠 × 100𝑏𝑎𝑔𝑠 × 8ℎ × 2.23
= 26760𝐿 = 7069𝑔𝑎𝑙

(5)

𝑉𝑜𝑙𝑢𝑚𝑒 𝑜𝑓 𝑤𝑎𝑠𝑡𝑒𝑤𝑎𝑡𝑒𝑟 𝑝𝑟𝑒𝑤𝑒𝑒𝑘 = 26760𝐿 × 6𝑑𝑎𝑦 = 160560𝐿 = 42474𝑔𝑎𝑙

(6)

According to Ghanaian standards, each person needs to use at least 20L of water per day.
Therefore, this water can fulfill the water consumption of 1,146 people in a week. Under the
requirements of the World Health Organization (at least 50L of water per person per day), this
water can meet the weekly domestic water demand of 458 people. The above calculations show
that wastewater can provide stable and sufficient domestic water. The quality of wastewater
also needs long-term testing to ensure that it can meet domestic water standards. The advantage
of using wastewater as domestic water is that it can make full use of groundwater and avoid
waste.
If wastewater is used as a domestic water source, the existing pipelines should be improved
and added to two 4500 gallons tanks to store excess wastewater. However, the actual situation
on-site is that the pipeline designer has laid the pipeline without drawing a designing draw.
Therefore, the first step is to draw the following pipeline design drawing based on the
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designer's description and on-site measurement. For more detailed design drawings of height
and pipe length, see Appendix E.

Figure 4.8: Pipeline design drawing.
Looking at the design drawing, it can be discerned that the current laying method has apparent
problems. The elevation of the poly tank outlet point is 5.39m; the pipeline is buried 0.3m
underground, the elevation of the inlet point is -0.3m and the elevation of the 1.25inch diameter
pipe the farthest point is -4.10m. The buried pipeline has a length of 69.16m and an altitude
difference of 3.9m. From this, the slope of the community is 5.50%. Base on normal
circumstances, the direction of water flow in the pipeline should be consistent with the slope
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direction. However, all 1-inch pipes on site are designed against the slope. From the above
description, it can be seen that the existing pipelines cause greater head loss when the water
flows through the pipelines, resulting in lower water pressure at the end. Therefore, the pipeline
needs to be improved without changing the water quality. The improved pipeline needs to be
able to increase the water pressure at the water outpoint and use wastewater as a domestic
water source. The proposed pipeline schematic is presented in the following design:

Figure 4.9: Modified pipeline design drawing.
The modified pipeline laying plan can make fuller use of the groundwater from the borehole.
the scheme of collecting and using rainwater, it is necessary to imitate from the existing
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rainwater collection methods in Ghana. The currently widespread rainwater harvesting (RWH)
system in Ghana is shown in the figure below.

Figure 4.10: RWH System in Ghana, (a) RWH System in public school, (a) RWH
System in vocational school (Andoh et al, 2018).
There are many ways to collect rainwater, but the system that uses the roof to collect rainwater
is the most common method in Ghana (Andoh et al, 2018). The rainwater collected by this
method will be directly stored in the poly tank. However, the community is still under
expansion so far, so the direction of the rainwater transportation pipeline under the roof, and
the specific location of the poly tanks cannot be determined.
The rainwater collection method used in this project is not the RWH system, so there is no roof
pollution to rainwater in the samples. Under the premise of no roof pollution, rainwater can be
used as domestic water supply, and it can also be considered as a source of drinking water.
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However, considering the rainwater pollution caused by the roof, after installing the RWH
system, the collected rainwater needs to be tested for water quality.

4.3 Changes in Water Quality Parameters During Water Treatment Process

4.3.1 pH Value

Figure 4.1 presents the trends in the pH value at the seven sampling points during the 10
sampling events.

Figure 4.1: Change curve of pH value in the processing system during 10 sampling
events.
It can be seen from the graph that the points where the pH changes substantially are points 3,
5, and 7. Between points 2 and 3 are the sand filtration and softening resin activated carbon
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filtration. The softening resin used in this water treatment system is a weakly basic anion
exchange resin, which can effectively remove calcium and magnesium ions in the water and
can also release OH- into the water through anion exchange and adsorb other molecules
(Purolite®, 2020). As a result, the pH of the treated water is significantly increased, which can
adjust the pH to a certain extent.
Sampling point 5 is after the reverse osmosis (RO) membrane. According to the working
principle of the RO membrane, when water passes through the reverse osmosis membrane
under a certain pressure, many inorganic substances (such as metal and other ions, dissolved
salts, etc.), colloidal particles, organic substances, and other substances in the water will be
excluded. However, gas (such as carbon dioxide) can pass through the reverse osmosis
membrane together with the water flow. Therefore, when water passes through the single
permeable membrane, CO2 will combine with H2O to form acidic HCO3-. The acidic HCO3and H+ ions in the water make the treated water acidic and lower the pH value. The chemical
reaction formula as follows (Filterwater.com, 2017).

CO2 + H2O ↔ H++ HCO3-

(7)

The last point where the pH value changes significantly is point 7. Before that, the water flows
through a collecting tank for some time and then passes through final filtration. After storage
in the tank for a while, the pH of the originally acidic purified water will increase slightly.
However, according to the results of the 10 samples, most of the treated water has a pH of 5.56.5, which is below Ghana's drinking water standard of 6.5-8.5. From the results of the raw
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water analysis, it could be argued one of the reasons for the non-compliance of pH for the
treated water is the relatively low pH of the raw water. Therefore, water produced in the water
treatment plant should undergo a slight pH increase in the final treatment steps to ensure that
the flowing water is neutral to alkaline before it passes through the RO membrane. This can
ensure that the pH of the final product is within the range of 6.5-8.5.

4.3.2 Chloride

The chloride concentrations during the water treatment process is shown in Figure 4.2. for the
10 sampling events. The results show a relatively uniform chloride concentrations over time.

Figure 4.2: Chloride concentrations at the various sampling points in the treatment
system during 10 sampling events.

54

As shown in Figure 4.2, although there is a clear reduction in chloride concentration when the
water flows through the sand and activated carbon filters and the softener resin, the average
reduction is only 5%. It can be seen that this part of the filtration is not effective in removing
chloride. However, the most effective chloride removal part in the whole treatment system is
the RO membrane. According to calculations, the average removal rate of this part is about
94%.

4.3.3 Total Dissolved Solids (TDS)

Figure 4.3 presents thee TDS concentration over time at the various sampling points.

Figure 4.3: Total dissolved solids (TDS) concentrations at the various sampling points
during water treatment.
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The graph of TDS concentration at the various points in the treatment system (Fig. 4.3) follows
the same general trend as chloride (Fig. 4.2). Clearly, the part of the treatment component that
plays a decisive role in TDS removal is still the RO membrane. The conclusion drawn from
these results that the average treatment efficiency of the RO membrane for TDS is about 94%
and the TDS concentration of the finished or treated water is approximately 15 mg/L, which is
much lower than the Ghana Standards Authority’s requirement of at most 500 mg/L for TDS
of drinking water.

4.3.4 Total Hardness and Calcium Hardness

Figures 4.4 and 4.5 present total hardness and calcium hardness of water samples at the seven
sampling points during the groundwater treatment over the 10 sampling events.

Figure 4.4: Total hardness of groundwater at different points in the treatment during
10 sampling events.
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Figure 4.5: Calcium hardness of groundwater at different points in the treatment
system during 10 sampling events.
The total hardness value includes the divalent cations of calcium, magnesium, barium, and
strontium while the calcium hardness only contains calcium ions, so the value of the total
hardness should be greater than or equal to the calcium hardness, as shown in Figures 4.4 and
4.5. These figures show that the RO membrane plays an important role in the removal of total
hardness and calcium hardness. Through calculation, it can be concluded that the removal
efficiency of the RO membrane in removing total hardness can reach 84% on average, with
the maximum removal efficiency being as high as 97%. These data also reflect some
operational challenges in the water treatment system. As shown in the schematic of the plant
(Fig. 3.2), there is a softening resin filter before sampling point 3. Under normal circumstances,
the hardness of the water should decrease when the water flows past this point. However, the
results show that total hardness was reduced only on two occasions during the 10 sampling
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events, which means that it was only during those two times of softening the resin played a
role in hardness removal/ after there could have been with the softener resin. According to the
data for point 4, it can be seen that when the water flows through the micron filter, the total
hardness and calcium hardness of the water increase, which may indicate some contamination
in the previous treatment step. However, it appears that the processing capacity of the RO
membrane is stable enough to remove such contamination so that the final water quality still
meets the Ghana Standards Authority’s requirement of 2-8 mg/L for total hardness and 0-0.5
mg/L for calcium hardness. In order to more accurately determine the specific problems with
the softener resin and the micron filter, it would be necessary to conduct a comprehensive
analysis of changes in other water quality indicators at these two points.

4.3.5 Total Coliform

The laboratory reports for total coliforms are shown in Table 4.2.
Table 4.2: Total Coliforms in Groundwater at Different Points in the Treatment

28-Apr
5-May
12-May
19-May
26-May
2-Jun
9-Jun

point 1
<1.0
<1.0
<1.0
<1.0
<1.0
<1.0
<1.0

Total coliform (cfu/100mL)
point 2
point 3
point 4
point 5
<1.0
<1.0
100
TNTC
<1.0
<1.0
100
TNTC
20
20
TNTC
TNTC
<1.0
<1.0
TNTC
TNTC
<1.0
<1.0
TNTC
TNTC
<1.0
<1.0
TNTC
TNTC
<1.0
<1.0
TNTC
TNTC

point 7
<1.0
<1.0
TNTC
TNTC
TNTC
TNTC
TNTC

point 8
<1.0
<1.0
TNTC
TNTC
TNTC
TNTC
TNTC

58

The "TNTC" that appears in the table is Too Numerous to Count. This laboratory uses
membrane filtration method for water with low bacterial background to determine the total
coliforms. According to the description of ISO 9308-1:2014, the detectable limit is 100 total
colonies on chromogenic coliform agar (CCA) (ISO 9308-1, 2014). When the total colony
number is greater than 100, it is expressed by TNTC.
The above table reflects the changes in total coliform concentrations in the groundwater as it
passes through the water treatment system. Among them, only the first two data can be judged
that total coliform can be removed by the water treatment system. However, the data of the
next six samples is not ideal, but these problems can prove that some of the output capabilities
in the water treatment process are problematic.
According to the above data analysis, point 4 is mostly to be a polluting source of coliform.
Then the density of total coliform in the water at the back of the RO membrane is suddenly
increasing. The final filter and UV lamps can remove excess coliform in the first two sampling
events, but the content of the total coliform in the final products is still high and cannot meet
standards. Since the third time, the total coliform has remained excessive after the point 4. At
first, it could be suspected that the total coliform amount suddenly increased due to mistakes
in a sampling operation. However, the fourth and fifth sampling events proved that there was
no error during the sampling operation. It is certain that at least one problem has occurred in
the processing system. After inspection, it was found that only one UV lamp, which is closest
to the water outlet, was turned on in the previous sampling. Therefore, it was decided to turn
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on both UV lamps starting from the sixth sampling, but the result is still terrible. The
preliminary analysis concluded that point 4 is the primary source of pollution, and the UV
lamps are ineffective.

4.3.6 Conclusions and Recommendation of Drinking Water Treatment System

The above content is analyzed for the changes in pH, chlorides, TDS, total hardness, calcium
hardness, and total coliform in the water treatment system one by one. In addition to the above
parameters, total suspended solids (TSS) were also tracked in each sampling event. The results
show that the TSS value is 0 in the groundwater and remains 0 at every subsequent sampling
point, which can prove that there is no pollution source of TSS in the whole water treatment
system and the content of TSS in the final product is much lower than that in Ghana standard.
A comprehensive analysis of the problems of each parameter can provide the following
suggestions for the improvement of the water treatment system.
1.

The first and most obvious improvement is to increase the processing unit to adjust the pH
of the water. The data shows that the water to be treated is acidic water (pH less than 7).
The more common methods on the market for treating water pH include installing a water
distiller, a neutralizing filter, or water Ionizer. Injecting a neutralizing solution is also a
common method to adjust the pH of water, but this step requires professional supervision
and guidance. For the site, finding a professional to supervise the dosage of chemicals
every day will significantly increase the operating cost of this small sewage treatment plant,
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and it is not easy to find a professional locally. The water ionizer is also an effective
method, but it is much more expensive than the neutralization filter. The water distiller is
effective to increase the pH value of drinking water by heating drinking water to remove
unwanted acidic particles. However, the drinking water production plant does not have
enough space to cool the treated drinking water (Tripathi, 2018). The high-temperature
water flows through the RO membrane and PP filter will reduce the use time. Therefore,
the most reasonable solution is to install a neutralization filter. The shape and size of the
neutralization filter are similar to the sand filter. Generally, the neutralization material
filled in the filter is calcite, limestone, or magnesium oxide minerals. After testing, it was
found that the average pH of groundwater was lower than 6 (Drinking Water, 2019). Thus,
synthetic magnesium oxide is the best choice to treat the raw water. It should be attention
that the hardness of the water may increase after neutralization. The suggestion based on
the above analysis is to add a neutralization filter filled with synthetic magnesium oxide
between pre-filtration and softener resin.
2.

After that, the problematic part is the softener resin. The primary function of the softener
resin is to remove the hardness of the water. However, starting from May 12th, the softener
resin cannot reduce the hardness but increases the hardness of the water. It can be
determined that the softener resin has failed. The factors that have an impression on the
life of softened water by querying data include mechanical damage (impact of unstable
water flow), iron damage, and chlorine damage. The full report of raw water shows that

61

the content of iron in the raw water is minimal, which can be considered not to affect the
softener resin. Secondly, there is no chlorine disinfection step before the softener resin, so
there is no possibility of chlorine oxidized resin resulting in resin failure (Lars,2011). In
the end, only one option is the loss of water quality due to the impact of unstable water
currents. Through the inquiries to the on-site staff, the voltage in the village is unstable,
so that there are sudden power failures, especially in the rainy season. Therefore, it can be
seen that the main reason for the resin failure is that the unstable voltage causes the
instability of the water flow, and the impact of excessive water flow crushes the resin
particles. The first suggestion is to replace a batch of resin, but this method still cannot
solve the problem of excessive resin loss caused by voltage instability. Secondly,
considering the hardness of the raw water and the treatment efficiency of the RO
membrane for hardness, even the softener resin be removed the water quality of the final
product can also make the Ghana standard.
3.

In the analysis of total coliform, it was found that the sudden increase in sampling point 4
began on May 12th and exceeded the measurement range. It can be judged that the micron
filter has become a polluting source of coliform. However, on June 23rd, the Micron filter
has also become a source of pollution for TDS, Chloride, and hardness. It can be judged
that the micron filter has reached its use limit and should be replaced. The first sampling
started on April 28th, but the event that the pp filter was put in was March 20th. Although
no water was produced during the lockdown period, the untreated raw water still remained
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in the filter. At the beginning of the first sampling, the RO membrane and resin were back
washed, but it was not replaced because the filter element did not reach the limit of use.
Therefore, the improvement suggestions proposed by the micron filter should be replaced
immediately.
4.

RO membrane is the most efficient link in the entire water treatment system for all
parameters. The average treatment efficiency is as high as 90% or more, so it is the most
vital link in the water treatment system. Meanwhile, the RO membrane is also the most
expensive and most challenging part to replace, so its maintenance should be the most
cautious. Therefore, the recommendations for the RO membrane are as follows. The
microbial excess caused by the micron filter may have exhausted the fouling on the RO
membrane surface. The RO membrane should be back washed after replacing the micron
filter. And after the daily production of drinking water is started, the quality of the water
entering the RO membrane should be monitored in time to avoid similar incidents. And
under the condition of standard water quality, the RO membrane is back washed every
three months.

5.

The last part that has to be improved is the UV lamp. There are three possible reasons why
the total coliform still exceeds the detection range of the instrument after the water passes
through the UV. The first situation is that the concentration of total coliform is too high
before the water enters the UV. The solution to this situation is to replace the existing UV
lamps with one of higher power. Factors that affect the efficiency of UV lamps include
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low rate, UV transmittance (UVT), and lamp power (Cosman et al., 2013). In addition,
multiple processing units simultaneously restrict the speed of the water flow, so it is more
troublesome to adjust the flow rate. Fouling around UV-quartz lamp sleeves is a common
problem. Factors that can promote fouling include higher heat, hardness, and iron
concentration in the water flow (Nessim et al., 2006). However, the heat, hardness, and
iron in the water are relatively low before UV treatment, so the possibility of fouling is
very low. The only remaining possibility is UV lamp failure. Replacing UV lamp is the
only defective solution. In summary, replacing the UV lamp or turning on the two UV
lamps at the same time is the most effective solution.

4.4 Water Quality Changes During Storage

After the water plant produces drinking water, it is more important to store the products
produced. Therefore, a 3-month follow-up survey of the product was conducted. The five test
samples are all samples obtained at the same time on March 20. It can be assumed that the
initial water quality of the five samples is the same. The main reason for the first time interval
of 6 weeks is that the initial growth rate of microorganisms is low, and the total coliform
content change ratio is small. The other three samples are sent to the laboratory every two
weeks for monitoring. Samples storage conditions are room temperature (approximately 2430 degrees Celsius) and protected from light.
summarized in the following table.

The data of the five experiments are
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Table 4.3: Water Quality Data of Stored Samples.
Change of parameter in drinking water during storage
Week
0
6
8
Chlorides (mg/L)
4
4
4
TSS (mg/L)
0
0
0
TDS (mg/L)
17
14
15
Total Hardness (mg/L)
4
8
Calcium Hardness (mg/L)
0
5
Antimony as Sb (mg/L)
Not detected 0.00015 0.00019
pH
6.2
7.7
7.4
Total Coliform (cfu/100mL) Not detected <0.1
<0.1

10
4
0
13
5
0
0.0002
7.8
<0.1

12
4
0
13
5
0
0.0002
7.8
<0.1

This laboratory used the hydride generation atomic fluorescence spectrometry (HG-AFS)
method to detect the antimony content of storage water samples. According to the ISO 173781:2014, this method's linear application range is 0.02 µg / L to 100 µg / L (ISO 17378-1, 2014).
The result of antimony content in the first water sample is "not detected," as shown in the table,
indicating that the water sample's antimony content is less than 0.00002 mg /L. The “Not
detected” result of the total coliforms in the water sample does not mean that the total coliforms
in the water is 0 cfu/100mL.
It can be seen from the above table that the content of Chloride, TSS, Total Hardness, and
Calcium Hardness in the products almost did not change during the 12 weeks of storage. The
parameters that changed in the produced water are TDS, antimony, and pH, and their
corresponding values are plotted as trend graphs below.
The first chart (Fig. 4.6a) displays the variation of TDS in the five storage samples for 12
weeks. The content of TDS showed a slight downward trend. A subtle difference in water
samples may cause this decrease. According to the actual treatment situation, there is a
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changing trend in TDS in the effluent quality at point 5 every day. When the water treatment
system was first started, the TDS at point 5 was about 70 mg/L. After using for a period of
time (about 10 minutes), the TDS at point 5 drops to 16 mg/L. At this moment, the pipe could
be connected to the water tank, and drinking water production started. After that, the TDS in
the produced water may change slightly, but it will eventually remain at around 13 mg/L.
Although the five samples were all produced on the same day, the TDS of the water was still
slightly different.

Figure 4.6: Value changes in 12 weeks storage (a) TDS, (b) Antimony, (c) pH.
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The second figure (Fig. 4.6b) illustrates the changes in antimony during storage. According to
the literature review, it is known that antimony can leach into the drinking water from the
package plastic. The antimony concentration at week 0 should be "Not detected." In the graph,
it is assumed that the antimony concentration is 0 at this time. According to this analysis, the
concentration of antimony in the early period increased relatively quickly, and the increase in
the later period tended to be stable. These data can at least prove that the antimony content will
not exceed the standard during the storage period of 12 weeks (three months), and the increase
in antimony needs further research. Combining the above charts, it can be seen that the content
of antimony is increasing but the TDS value is not stable. This is because the content of
antimony only increased by 0.0002 mg/L within 12 weeks, and the effect on the TDS
concentration was negligible.
The third graph, Fig. 4.6c, presents the pH changes over the 12 weeks. The pH increased
steadily in the course of storage but eventually leveled roughly 7.8. The subsequent pH change
trend cannot be determined, but after three months of storage, the pH of the drinking water can
still reach the Ghana standard.
In general, 12-week storage observations of drinking water show that the water quality has not
changed much. In general, the plastics used for packaging have almost no effect on water
quality, but the changing trend of antimony in the water is in line with the increase described
in the previous literature review. These data can also show that bagged drinking water still
meets Ghana's drinking water standards after three months of storage, with the exception of
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total coliforms. The growth trend of E. coli is also in line with the growth trend mentioned in
the literature. However, due to the short storage time, it cannot be seen whether the impact of
some plastic sachets on drinking water quality is still in line with the trend mentioned in the
literature. At the same time, it is also found in the literature that nonylphenol (NP) may be
leached from plastics. However, in Ghana, no analytical laboratory can test this parameter.
Therefore, it is recommended that more attention should be paid to the change of NP content
in the water during storage of the finished water.
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Chapter 5 Conclusions and Recommendations
5.1 Conclusions

This thesis analyzes the water quality and water supply system of a small community in the
central region, Ghana, which is used to produce drinking water and provide dormitories for
nearby schools. Based on the data from field inspections and laboratory analysis, few
improvement suggestions are provided to this under expanding community.
The main results are summarized:
l

The water source used in the local area is a borehole drilled in January 2020. The water
quality of the well meets Ghana’s standards for drinking water except for the low pH.
However, this borehole cannot suffice the water supply-demand of this community. Thus,
the suggestions are given as follows. The first one is to use the wastewater that has been
produced by the drinking water treatment system as the non-drinking water supply to
residents in this community. The second is to collect and use rainwater during the rainy
season. The quality of rainwater is better than groundwater, but it should be sterilized
before provided. Finally, if the area continues to expand, another borehole needs to be
opened.

l

The essential part of this water treatment system is the RO membrane, which has a
treatment efficiency of more than 90% for various parameters other than the pH value.
However, other parts of the drinking water system have serious problems. First of all,
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although this system can increase the pH, it is still lower than the national standard. That
must add a neutralization filter filled with synthetic magnesium oxide between prefiltration and softener resin. Secondly, the softening resin cannot reduce the hardness, the
micron filter becomes the pollution source in the water treatment system, and the UV lamp
does not play a role in sterilization, so these parts need to be replaced. Finally, after
completing the above replacement, the RO membrane needs to be back washed because
the higher bacteria are likely to cause slight fouling on the RO membrane.
l

By analyzing the water samples stored for 12 weeks, the water quality meets the drinking
water requirements. At the same time, the plastic package has a slight impact on the
content of Sb in drinking water; it still lowers than Ghanaian standard.

l

Based on actual measurements and descriptions of pipeline technicians, the existing
pipeline design drawings of small communities were drawn. To minimize the head loss in
the process of transporting water and lead into the wastewater, a modified design drawing
was drawn.

l

If this small community passes the above improvement plan, the water circulation system
(the cooperation of the water production system and the domestic water supply system) of
the community can be used normally. This kind of community needs at less one ground
water source to provide stable and sufficient water around it for normal operation. If
rainwater is used as domestic water, there must be enough rainfall throughout the whole
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year. Meeting the above two requirements can use this community as a model to be widely
applied to other regions in Africa.
l

Due to geographical and experimental conditions, this study has some limitations. First of
all, the application of this research has limitations. This research's experimental results
apply to small communities where water resources are not abundant, such as in Africa, the
main domestic water source is groundwater, and the per capita water consumption is small.
Secondly, regarding the impact of plastics on drinking water quality, no conclusion can be
drawn about the impact of Nonylphenol (NP) on water quality due to the limitation of
experimental conditions. And the conclusions drawn in this part are only applicable to
plastic HDPE bags of sachet water. Finally, the article's improvement suggestions are more
targeted at this specific small community so that it can be used as a model for the areas
with similar geographical conditions.

5.2 Recommendations

These research and recommendations are based on the existing count of residents in small
communities and the existing part of the water treatment system. There is more work for the
improved water treatment system and the expanded community, so the following are
improvements and suggestions for future work.
l

The specific distribution of the RWH system is determined after the expansion of the
community is completed. Then the water quality of the collected rainwater should be
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analyzed to determine as which part of the water source the rainwater. If a new borehole
will be drilled, analyze the groundwater quality from this well, and compare it with the
original borehole to choose better groundwater to produce drinking water.
l

When analyzing stored samples, the changes of Nonylphenol (NP) in drinking water
overtime should be tested. At the same time, longer-term testing should be carried out for
changes in water quality with storage time. The best storage time should be 6 months to
12 months.

l

More accurate measurements and calculations can be made when laying pipelines on the
site, including the water pressure at the outlet point. Then make adjustments based on the
number of residents in the community initially more reasonable.
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Appendix A: Hydrogeological Report of the Abaasa Peyase
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Appendix C: Lab Report of Groundwater and Drinking Water
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Appendix E: Actual Pipeline Design Drawing
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Appendix F: Modified Piping Design Drawing

